We report two cases of malignant deciduoid mesothelioma (MDM), a very rare variant of malignant mesothelioma (MM). Case 1: An 18-year-old male with no history of asbestos exposure presented with worsening abdominal pain, anorexia, and vomiting after a motor vehicle accident. A CT scan showed small amount of ascites and abdominal mass. An exploratory laparotomy revealed multiple yellow tan, firm nodules on the peritoneum and omentum. He received palliative treatment and died 5 months after the diagnosis. Case 2: A 64-year-old female with history of asbestos exposure initially presented with abdominal distension. CT scan showed abdominal mass with a large amount of ascites. A diagnostic laparoscopy revealed multiple peritoneal nodules. She underwent several regimens of chemotherapy over a period of 69 months and is still alive to date. In both cases, features of mesothelial origin were subtle and the smears showed predominantly single cells with marked nuclear atypia. The second case also contained few two-dimensional loose cell clusters with scalloped or hobnail borders. The clusters often exhibited a pseudoacinar structure surrounding a globular extracellular material. Groups of three to four cells often formed doublets and triplets with cell-to-cell windows.
Malignant deciduoid mesothelioma (MDM) is a very rare variant of mesothelioma. A total of 44 MDM cases have been documented in the English literature since this entity was first described in 1985. 1, 2 In a study of 320 malignant mesothelioma (MM) cases, only 4 (1.25%) were subclassified as MDM. 3 Most of these reports focused on the histological features of MDM. [2] [3] [4] [5] [6] [7] [8] To date, the cytomorphology of MDM has only been described in three single case reports, in which specimens from fine needle aspiration, 1 peritoneal fluid, 9 and pericardial fluid 10 were studied. In the present study, we report the cytological features in two histologically confirmed peritoneal MDM cases presenting with ascites.
Materials and Methods
The standard laboratory methods were used in preparation of the slides for serous fluid, with the preparation of two air-dried and Diff-Quik-stained smears, two fixed and Papanicolaou-stained smears and a cell block. All surgical biopsies and cell block cell pellets were fixed in 10% buffered formalin and embedded in paraffin. The paraffin embedded blocks were cut into 4-lm-thick sections and stained with Hematoxylin and Eosin (H&E). The immunohistochemical staining was performed on sections of the cell blocks according to standard laboratory protocols.
Clinical Presentations and Pathological Findings
Case 1. An 18-year-old white male who suffered from a side impact motor vehicle accident on December 15, 1997 was sent home without a specified injury. Since that time he has had vague abdominal pain, anorexia, and vomiting. He presented to our hospital on January 13, 1998 with increased abdominal pain and anorexia. A CT scan of the abdomen and pelvis showed small amount of ascites and multiple nodules on the surface of the peritoneum and omentum. He was taken to the operating room with a presumptive acute surgical abdomen on January 14, 1998 . An exploratory laparotomy revealed multiple yellow tan, firm nodules on the peritoneum and omentum.
An omental tissue biopsy was performed and initially diagnosed as exuberant reactive changes featuring a prominent mesothelial component. Recurrent ascites was aspirated on January 19, 1998, which was clearly malignant in nature triggering a second review of the biopsy and the ultimate diagnosis of MDM. Consequently, the patient developed worsening abdominal pain and ascites. He was referred to hospice care where he was managed by palliative treatment, and announced dead on May 31, 1998. He had no history of asbestos exposure. However, his uncle and grandmother both had history of mesothelioma.
A total 8 ml of bloody ascites was obtained by peritoneocentesis for cytology. The bloody smears (Fig. 1) were moderate in cellularity with predominantly a single cell pattern and rare scattered small clusters. Overall the cells were widely variable in size and shape with striking nuclear atypia. The cells exhibited several shapes including: round, oval, and polygonal. While mostly singly scattered, occasional doublets and triplets were seen with vague articulation between the cells (windows). However, cellular clasping was not detected. Cell-in-cell was occasionally seen. Many tumor cells were large with voluminous cytoplasm resulting in low N/C ratio in most cells. The cytoplasm was dense and eosinophilic with no discrete variation in tone or endo-ectoplasmic demarcation. Submembranous glycogen vacuoles and brush-like borders were identified at high magnification in occasional cells (Fig. 1, insert) . Binucleated or multinucleated cells were commonly present and frequently the nuclei were situated at opposite poles of the cell (Fig. 1) . The nuclei were round, oval or indented, with vesicular yet irregularly clumped chromatin and prominent macronucleoli (Fig. 2) . Mitotic figures were frequent (Fig. 2, insert) .
The histological sections of the omental biopsy showed sheets of malignant cells with scattered small aggregates of mature lymphocytes and focal tumor necrosis. The tumor cells (Fig. 3) were large, variable in size, polygonal to oval in shape with abundant, bright eosinophilic to glassy cytoplasm. Focal area of the tumor cells showed finely vacuolated cytoplasm. The nuclei were round to oval, vesicular with single prominent eosinophilic nucleoli. Nuclei were eccentrically situated in many cells. A brush-like border of cell membrane surface was appreciated in some cells at higher magnification. Binucleated or multinucleated cells were commonly seen. Mitotic figures were 1-2 per high power field. Using immunohistochemical stains on the biopsy, the malignant cells were diffusely positive for pan-cytokeratin, vimentin, and EMA, mildly positive with calretinin in <25% of the tumor and negative for HMBE-1, CD45, HMB45, desmin, muscle A total of 90 ml of bloody ascitic fluid was obtained by peritoneocentesis for cytology. The smears were moderate in cellularity. The cells manifested as both single cells and small loosely cohesive clusters. Overall there was a wide variation in the size and shape of cells. Most cells were large, pleomorphic with abundant and highly vacuolated cytoplasm rendering a low N/C ratio to most cells. Most cells showed fine cytoplasmic vacuoles. Some cells showed the classic dense cytoplasm but only rare cells had easily recognizable two tone staining (Fig. 4) . At high magnification, many cells exhibited circumferential eosinophilic brush border (Fig. 4, insert) . The nuclei were pleomorphic, hyperchromatic with coarse chromatin, irregular nuclear membrane, and occasionally prominent one to two nucleoli (Fig. 5 ). Nuclei were eccentrically situated in most cells. Double or multinucleated cells and mitosis were not uncommon. Some cells frequently presented as doublets and triplets with cell to cell articulation (windows). Two unusual features were noted in these articulated cells; first there was frequently striking difference in the size of the two opposing cells and second a large cell was sometimes articulated with two or more smaller cells at one pole (Figs. 5 and 6B). The clusters, usually composed of 5-12 cells each, were two dimensional, exhibited prominent scalloped or hob-nail borders. The cluster often formed a pseudoacinar pattern surrounding a globular extracellular material which stained pink on Diff-Quik and cyanophilic on Papanicolaou stain (Figs. 4 and 5) . Histochemical stains for trichrome and modified Movat pentachrome were performed on the cell block to further characterize this globular material. The globules stained blue with trichrome and showed both yellow and pale green staining by Movat indicating both old and new collagen. 11 Within the small cell clusters, the cytoplasmic vacuoles were prominent and frequently disfigured the groups (Fig. 5 ). Microcalcifications were also noted within some of these clusters (Fig. 6A ). Because this fluid was collected after a course of chemotherapy, EMA and desmin were performed to rule out therapy related reactive changes. The atypical cells were strongly reactive to EMA and negative to desmin favoring its malignant nature. 12 In addition the cellular features were compared to the previous biopsy and were found to be morphologically similar.
The omental biopsy showed predominantly sheets of tumor cells with focal necrosis. Focal areas showed dense fibrotic omentum infiltrated by tumor cells and lymphocytes. The tumor cells were large with abundant finely vacuolated cytoplasm, low N/C ratio and indistinct cell borders (Fig. 7) . Islands of tumor cells with dense eosinophilic cytoplasm were interspersed within the tissue sections. The nuclei were pleomorphic with hyperchromatic coarse chromatin, irregular nuclear membranes and inconspicuous nucleoli. Binucleated and multinucleated cells were common. Mitotic figures were not common. Multiple foci of psammoma bodies or calcifications were present in the histology sections. On immunohistochemical staining, the malignant cells were diffusely and strongly positive for AE1/3, CAM5.2; focally but strongly positive for CK5/6 and calretinin. The malignant cells were focally weakly positive for Ber-EP4 staining. The immunostains for melanoma markers HMB45, MART-1, Melan A, and tyrosinase were all negative.
Discussion
Malignant mesothelioma (MM) is a relatively rare malignancy. The incidence of mesothelioma is reported to be 2,500 cases in the United States and 5,000 cases in Western Europe annually. Up to 80% of malignant pleural mesothelioma patients have history of asbestos exposure. 13 Peritoneal MM accounts for *30% of MM. In the United States, its incidence is estimated to be 200-400 new cases annually. It can occur in any age group, although it mostly affects the 50-to 69-year age group. It is more common in men, possibly because of the higher male occupational exposure to asbestos.
14 It is estimated that 57% of patients with a peritoneal MM have a history of asbestos exposure. 15 However, other risk factors such as radiation exposure are also reported in association with mesothelioma. 16, 17 Histologically, there are three major variants of mesothelioma: epithelioid, sarcomatoid, and mixed (biphasic). Clinically, the presenting symptoms of mesothelioma tend to be insidious. Commonly these patients present with large serous effusions. 18 Chemotherapy is usually the best option for patients with advanced disease. Cisplatin plus pemetrexed has demonstrated a significant survival advantage and is considered as firstline treatment for MM. 19 Combination chemotherapy regimen of an antifolate (pemetrexed and raltitrexed) and a platinum-based (cisplatin) agent has shown a median survival of about 12-14 months. 19 Patients with malignant pleural mesothelioma have a 5-year survival of 15%. 19 Because of the peritoneal confinement of MM and low occurrence of metastasis, an approach consisting of cytoreductive surgery and perioperative intraperitoneal chemotherapy has been introduced as a curative treatment option over the last decade with an overall 5-year survival rate of 29-63%. 20 The MDM was first reported in a 13-year-old girl with primary peritoneal MM. 2 Contrary to the original belief that it is a malignancy that occurs mainly in young females, it is now known that MDM could occur in both sexes, at any age and with or without history of asbestos exposure. 1, 3, 4, 6 Clinically, the pleura and peritoneum are most common sites for primary MDM. [21] [22] [23] However, MDM of other locations such as pericardium and spermatic cord have also been reported. 1, 6 MDM tends to be aggressive with shorter survival. 4, 23 There are no large survival studies for MDM due to its rarity. However, the survival data collected from MDM case reports shows that approximately more than half the patients died within 1 year, and the remaining patients died within 1-3 years with only rare patients surviving >4 years after the initial diagnosis. 1 Our patients were different in gender and age and both presented as primary peritoneal MDM. The young male patient had no reported history of asbestos exposure although a family history of MM in both his uncle and grandmother suggest environmental exposure. He received no further therapy and was deceased 5 months after the diagnosis. The elderly female patient had history of asbestos exposure both at her home during childhood and at her work place. She received several rounds of extensive chemotherapy, and is still alive 69 months after the initial diagnosis suggesting that chemotherapy had a positive impact on her prognosis and survival. Overall, the clinical picture of these two patients is consistent with that reported in the literature for MDM. 1, 3, 6 Although the cytological features in our two cases were different, they showed some common features. Both peritoneal fluids were moderately cellular with predominantly single cells and few loose cell clusters. Both showed striking variation in size and shape and an overall high degree of nuclear pleomorphism. While mesothelial features were not easily recognized, search at higher magnification revealed cells showing cellular articulation or window-like spaces, cell within cell, abundant cytoplasm with occasional cells exhibiting two tone staining, or endoectoplasmic differentiation, low N/C ratio, fine submembranous glycogen vacuoles, and brush cytoplasmic borders. These features are consistent with those of MM. 24 However, other features such as cellular clasping, morules and spheres were absent particularly in case 1. The histological features in both cases were similar to those described in the literature. [2] [3] [4] 25 On the other hand, our two cases showed some morphological differences and triggered different differential diagnoses (Table I) . While case 1 had predominantly single cells with dense cytoplasm, case 2 contained an admixture of single cells and small clusters with highly vacuolated cytoplasm and surrounding collagenous cores as confirmed by special stains, features that are distinctly different from those previously reported. 9, 10 Despite the high degree of pleomorphism in case 2, its mitotic activity was much lower than that in case 1. The main differential diagnosis in case 1 especially considering the age and sex should include sarcoma, seminoma or melanoma. Morphologically, sarcoma in effusions may round up and lose their spindle shapes. They are usually vimentin positive and may react with other stains depending on their line of differentiation. Seminoma or germ cell tumors are another extremely rare malignancy in effusion, but tend to have fragile cytoplasm with fine vacuoles and lack the variation in size. Melanoma is also rare and tends to present with features similar to those seen on aspirates such as intranuclear pseudoinclusions, dusty cytoplasm and in occasional cases melanin. While adenocarcinoma (ADC) is always a possibility, it is far less likely in this age. Immunohistochemical staining should easily distinguish these entities.
The primary differential in case 2 was metastatic ADC due to the pleomorphic nuclear features, cellular clusters, and marked cytoplasmic vacuolation. Indeed the first fluid specimen before the tissue biopsy was misdiagnosed as ADC in initial workup. Subtle mesothelial features were noted in this case at high magnification and there was only one cell population. In contrast in ADC, an alien population is frequently seen in the background of reactive mesothelium. Carcinoma cells tend to show little variation in cellular size and shapes and frequently three dimensional clusters with smooth common border rather than scalloped borders (Table I) . Because of the history of chemotherapy in this case and some of the therapy related changes depicted in the cells as multinucleation, cytomegally, and large cytoplasmic vacuoles, reactive mesothelium had to be ruled out. It should be noted however, that therapy changes are very seldom seen in effusions. In addition, the features seen in the second effusion was morphologically similar to those seen in the omental biopsy and previous fluid. The positive reaction of these cells to EMA favored their malignant nature.
12
On the basis of our two cases, MDM tends to present with high degree of pleomorphism unlike the epithelioid MM which generally exhibit subtle atypia and can easily be underdiagnozed as reactive. Although some mesothelial features as described above can be detected and should alert the reviewer to the possibility of a mesothelioma variant, not all MM features are seen and therefore, a definitive diagnosis cannot be rendered without ancillary tests. Immunohistochemical panel is again essential to confirm the mesothelial origin of these cells. Calrectinin, D2-40 and cytokeratin 5/6 are commonly used as mesothelial markers. While the latter two markers also react with non-mesothelial tumors, they are useful when used in a panel that includes mesothelial markers and markers that rule out carcinoma. EMA and desmin play a role in the differential diagnosis between RM and MM. MM has strong membranous EMA staining in majority of cases which is rarely present in RM. Desmin is preferentially expressed in RM and is lost expression in MM. In addition, several new markers have been reported and may be useful in the differentiating of RM and MM. Isoform glucose transporter, GlUT-1, is normally undetectable by immunohistochemistry in normal epithelial tissues and benign tumors, and is increased in expression in a variety of malignancies. GLUT-1 is expressed in 100% of pleural MM, 100% of lung squamous cell carcinoma and 93.35% of lung adenocarcinoma, while is not expressed in RM cells. 26 X-linked inhibitor of apoptosis protein (XIAP) is also reported for its values in the differential diagnosis of RM and MM. Strong XIAP staining is often observed in MM, while RM is usually negative for XIAP by immunostaining. 27, 28 Other ancillary studies such as chromosome deletion analysis for 1p, 3p, 6q, 9p, and 22q by fluorescence in situ hybridization has shown high sensitivity and high specificity in distinguishing reactive mesothelial cells and mesothelioma. 29, 30 Ber-EP4 and Moc-31 are often included in the panel to differentiate ADC from RM or MM. However, these two markers can be focally positive in up to 20% of the MM. 31, 32 PAX8 is a very highly sensitive and specific marker for peritoneal Mullerian tumor and is essentially negative in RM or MM. 33 In conclusion, we described the cytomorphological and histological features in two MDM cases arising in the peritoneal cavity. The cytomorphology of MDM could be subtle and easily overlooked resulting in misdiagnosis. However, careful examination should reveal the subtle mesothelial features and trigger proper ancillary testing rendering an accurate diagnosis possible.
